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Bulky (alkyl- and silyl-substituted) cyclopentadienyl ligands yield complexes that are 
active and selective catalysts for many organic transformations and are known to 
stabilize low oxidation states. Complexes of these ligands have been demonstrated to 
be active polymerization catalysts for block copolymers (plastics) with interesting 
properties, such as lighter materials and high water resistance for practical 
applications. Unfortunately, synthesis of bulky alkyl- and silyl-Cp ligands such as 
Me5Cp, i-Pr5Cp, t-Bu3Cp and (1,3-Me3Si)2Cp is elaborate and therefore time-consuming. 
An alternative to the alkyl- and silyl-substituted Cp ligands could be phenyl-substituted 
Cp ligands such as Ph5CpH as these are easier to synthesize and also yield complexes 
that are active and selective catalysts. The synthesis of Ph5CpH consists of a 
straightforward, single-step reaction starting from commercially available 
tetraphenylcyclopentadienone (Ph4C5O). This synthesis yields the very large and 
sterically hindered Ph5Cp ligand, which in turn can be used to create complexes that 
are active and selective catalysts with interesting properties. Ph5CpCr
III
Cl2, for example,
selectively trimerizes ethylene to 1-hexene. As another example, (Ph5Cp)2Fe
II
 consists











, where one of the ligands coordinates with one of
its phenyl rings only to Fe. 
Unfortunately, complexes formed from the Ph5CpH-ligand are often completely 
insoluble in any solvent, due to the large, rigid and symmetric phenyl groups. To 
address this issue, an alkyl tail on the para-position of each phenyl ring can be 
introduced. These so-called Cp
BIG
 ligands were prepared on a large scale in a single-
step reaction as well. In the current thesis, the reactivity, selectivity and properties of 
lanthanide complexes of such Cp
BIG
 ligands were explored. 
Chapter 1 provides a literature overview of bulky Cp and lanthanide chemistry relevant 
to the research described in this thesis. 
Chapter 2 describes the synthesis of several alkyl-substituted Cp
BIG
 ligands which can 
be used to synthesize the soluble complexes described in chapters 3 through 6. 
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 = (4-Et-C6H4)5Cp; Ln = Y, La, Pr, Er;  DMA = o-NMe2C6H4CH2).
These four complexes were then studied in the catalytic intramolecular 
hydroamination of the four N-unprotected amino-olefins CH2=CHCH2CMe2CH2NH2; 
CH2=CHCH2C(Cy)CH2NH2; CH2=CHCH2C(Me)(Ph)CH2NH2 and CH2=CHCH2CH2CHMeNH2 
(see Figure 1). High cyclization rates with catalyst concentrations as low as 2
 
mol% 
were observed. In some cases, record cyclization TOFs were found. The 
diastereoselectivites that were obtained for CH2=CHCH2CH2CHMeNH2 are among the 
best in literature. 
Figure 1. Selected substrates in the hydroamination catalysis with lanthanide 
complexes Cp
BIG-Et5
Ln(DMA)2 (Ln = Y, La, Pr, Er).




 sandwich complexes of
Mg, Sr, La, Tm and Sm. The first pathway is the direct synthesis of the sandwich 
complexes from metal powder and Cp
BIG-Et5•





 sandwich complexes in the case of Sr and Sm. The second pathway is a
σ-bond metathesis between a metal halide or a metal alkoxide and a Cp
BIG
X (X = SiMe3,
SiHMe2, GeMe3) species. Unfortunately, sandwich complex synthesis via the latter 
pathway was unsuccessful. In addition, synthesis of one of the precursors, 
Cp
BIG-Et5
SiMe3, proved to be challenging, because common pathways to obtain such





Chapter 5 describes further exploration of the chemistry involved in the synthesis of 
Cp
BIG-Et5
SiMe3, which was synthesized from [Cp
BIG-Et5
]K and a large excess of Me3SiOTf in
tetrahydrothiophene (THT). Silyl-substituted Cp ligands are commonly prepared by a 
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reaction of its alkali metal salt with a silicon reagent (e.g. Me3SiCl) in THF or other 
ethereal solvent. Surprisingly, the reaction of [Cp
BIG-Et5
]K with Me3SiX (X = Cl, I, OTf) in
ethereal solvents only yielded reaction products formed as a result of C−O ether bond 
cleavage, see Figure 2 for an example. This C−O ether bond cleavage in the reaction of 
[Cp
BIG-Et5
]K with several ethers and silyl reagents was studied and the reaction products 
were isolated and characterized. In addition, a mechanism for this reaction was 
proposed. 
Figure 2. X-ray structure of Cp
BIG-Et5
(CH2)4OSiMe3. For clarity, hydrogen atoms and the
ethyl substituents on the aryl rings have been omitted. 













= Ar5Cp, Ar = 4-i-PrC6H4), which possess an ethyl or iso-propyl substituent on the para 
position of each phenyl ring, respectively. These metallocenes crystallized readily on a 




 sandwich complex has been
published before by Harder et al., not much is known about its stability towards small 




metallocenes were allowed to react with small molecules and simple organic 
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substrates to gain more insight into the reactivity and stability of such sandwich 




metallocenes are thermally stable up to at least 130 °C in toluene and are stable 
towards N2, CO, CO2, cis-stilbene, styrene, ethylene, naphthalene, anthracene, 
phenazine, pyridine, pyrazine, benzophenone and even the highly reactive P4. In the 
crystal structure of these metallocenes, stabilizing C−H···C interactions between the 
Cp
BIG
 ligands can be observed, likely contributing to the complexes’ stability. 










only when phenazine was present in the reaction mixture, see Figure 3. This product is 
the first example of a lanthanide complex with an η
1
-coordinating, as well as, neutral 
phenazine. The samarium centers are in the +III oxidation state and two peroxo units 
(O2 
2−








phz)2O4. For clarity, hydrogen atoms and iso-
propyl groups have been omitted. 









[(ArCO)2] was crystallized in 83 % yield, see Figure 4. The
cuminil unit has been reduced to a radical anion and coordinates to the metal center in 
an η
2
-fashion. As a result of the extreme steric situation, the Cp
BIG-Et5
 ligands are no 
longer parallel with respect to each other and the aryl groups at the Cp
BIG-Et5
 ligand 
bend strongly away from the metal. 
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[(ArCO)2]. For clarity, hydrogen atoms and
ethyl- and iso-propyl groups have been omitted. 
Chapter 7 describes the attempted synthesis of the low-valence complex 
DIPP-nacnac2Tm
II







Figure 5. In this complex, the DIPP-nacnac
2−
 ligand contains a deprotonated methyl 
group on the backbone. 









 was isolated from the reaction of Sm
II
I2 with 2 equiv. of
[DIPP-nacnac]K in THF. In order to gain more insight into its reactivity, this samarium(II) 
complex was allowed to react with small molecules and simple organic substrates. 














. In addition, NO2, PhSSPh, fluorenone and
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phenazine react with DIPP-nacnac2Sm
II












)2(C12H8N2), respectively, see Figure 6. The latter complex also
contains a newly discovered η
1
-N coordination mode, this time for a DIPP-nacnac 
ligand. 
















-(C12H8N2) (bottom right). For clarity, hydrogen atoms
and the iso-propyl groups on all aryl rings have been omitted. 
